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ABSTRACT 


To aid the design engineer in the development of future 
U.S. Navy diving systems and equipment a comprehensive 
anthropometric study was undertaken. Fifty-four anthro- 
pometric measures, two pulmonary function measures, 

and three derived body measures were obtained on 100, 
41, and 100 U. S. Navy Divers respectively. Descriptive 
Statistics and measures of interrelationship are given 
for each measured and derived variable. The minimum 
number of anthropometric variables needed was determined 
by factor analysis. The measures obtained on the U.S. 
Navy divers were compared with.anthropometric data 
available for the male aviation populations. 
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INTRODUCTION 


Background 


In the past ten years there have been tremendous 
advances made in the technology of diving. New equipment 
and deep diving systems have been built. These systems 
have greatly extended the depth and duration of man's 
sojourns into the sea. Diving technology has been 
developing along two separate but parallel lines. The 
understanding of the biophysiological aspects of diving 
has proceeded down one track, while the design and 
fabrication of suits and equipment has moved rapidly 
down the other. , 


The operational diver who has been taking the 
outputs from these two parallel efforts has been doing 
an outstanding job. He has had to integrate these 
outputs and come up with a workable diving system for 
the field. In the past the operational diver could 
exercise a great deal of freedom in making a system 
work. As the environmental stresses have increased with 
the deeper depths, however, the acceptable tolerances 
have been greatly reduced. These reduced tolerances 
necessitate that the design of future diving systems 
integrate the man with the system. By taking the man 
into consideration at the design stage rather than at 
the site of the qperation the Navy will, ina great 
measure, reduce the chances of system failure and 
improve the cost effectiveness of the design. 


One of the first steps in designing man into a 
system involves the defining and describing of the 
portion of the population with which you are dealing. 
If U.S. Navy divers are unique, than an effort should 
be made to provide a separate body of information on 
them which can be used by the design engineer. 


Because of the tremendous physical effort required 
in deep sea diving one might suspect that the physical 
or anthroprometric measurements of divers might be 
different than the general population. A preliminary 
survey of divers done in 1971 verified this as being 
so and recommended that a comprehensive study of diver 
anthroprometrics be undertaken (1). 


Purpose: 


As recommended in Experimental Diving Unit report 
7-71 this study was undertaken to provide a comprehensive 


body of anthropometric data on the U.S. Navy diving 
population. This information if properly used, should 
facilitate the economic design of useful, comfortable 
diving equipment. 


In addition to the descriptive statistics provided 
in this report an attempt was made to determine the 
minimum number of measures which must be made in order 
to adequately describe an equivalent sample. 


Finally, each of the anthropometric measures 
obtained on the sample of navy divers was tested against 
the aviation population for which so much anthropometric 
data is available. | 


METHOD 
Data Source: 


One hundred (100) divers at the Naval School, 
Diving and Salvage, and the Experimental Diving Unit 
were studied. These men were classified in one of three 
categories: diver first class, He02 diving officer 
students, or diver first class students. 


Fifty-nine (59) different measures were obtained on 
each subject. Of these measures 54 are actual anthropo- 
metric measurements that were made on all 100 subjects. 
All these measurements were made following the procedures 
discussed in the International Biological Program Hand- 
book No. 9. All the measurements were made by the same 
individual in an effort to reduce the measurement error. 
Siber Precision Anthropological instruments were used 
throughout this study (2). A detailed description of 
each anthropometric parameter measured 1S given in 
Appendix A. 


In addition two pulmonary function measurements 
were acquired for the 41 divers from the Experimental 
Diving Unit. These measurements were collected in con- 
nection with another study and are included here because 
they were obtained on the same diver population used for 
the anthropometric study. The forced vital capacity and 
FEV; pulmonary function measures were obtained uSing a 
Collins 13.5 Liter respirometer. The last three measures 
(Specific Gravity, Percent Body Fat, and Body Surface 
Area) included in this report were derived using the 
following formulae: 


Reference 


Number 
Sp. Gr, = .22 (3) 
%$ Body Fat = (4) 
Body Sur. Area (M2) = 71.84 (40.735 y0 2425 (5) 
~ 
Height = cm Weight = kg 


These three measures were calculated for all 100 subjects. 


Data Analysis 


All the data gathered were analyzed on an IBM 
360/30 computer. Five different analyses were conducted; 
general descriptive statistics, generated normal distri- 
bution percentages, an intercorrelations matrix, a factor 
analysis, and a Stepwise Multiple Regression Analysis. 
In phase I cf this analysis the general descriptive sta- 
tistics obtained included the mean, standard deviation, 
range, skewness, kurtosis, and a frequency histogram for 
each variable. Based upon the statistics obtained in 
phase I, smooth percentage distributions were generated 
in phase II of the analysis. These percentages are 
based upon a normal distribution and should be disregarded 
for those samples showing a significant level of skewness 
Or KMrtosise. 


Phase III of the analysis involved the calculation 
of the intercorrelations among the 59 measured and 
derived variables. These correlations are presented in 
matrix form. The fourth phase of the analysis involved 
an attempt to reduce the number of needed variables to 
some manageable level. A principal component factor 
anaiysis with a varimax rotation was performed. 

Finally in Phase 5 a stepwise multiple regression 
analysis was performed uSing two different assumptions. 
First, the best predictors, i.e. the variables corre- 
lated highest with the eleven derived factors, were 


selected. These 11 selected variables (one for each 
identified factor) were used to predict each of the 57 
anthropometric variables. Three prediction equations are 
given for each anthropometric variable. The first equa- 
tion includes the single best predictor, the second 
equation, the best two predictors, and the third equation, 
the best three predictors. 


The second regression analysis was performed with 
the 11 most common measurements (one for each identified 
factor). These 11 selected variables were use to produce 
three predictive equations for each of the 57 anthropo- 
metric variables just aS was described above. Along with 
each of the regression equations the standard error of 
the estimate and the multiple correlation are given. 


In the final phase of the analysis the data for navy 
divers were compared with the data for the military avia- 
tion population using a student's t Test (6,7). 


RESULTS 


General descriptive statistics, including the mean, 
standard deviation, range, skewness, kurtosis, and a 
frequency histogram together with a generated normal 
distribution table of percentiles are presented in 
Appendix B. The smooth percentage distributions should 
be disregarded for those variables showing a significant 
level of skewness or kurtosis. 


The intercorrelations among the 59 measured and 
derived variables are shown in a matrix in Appendix C. 
The correlations for variables 55 and 56 are base upon 
a sub sample of 41 divers at the Experimental Diving 
Unit. All of the other correlations are based upon the 
complete sample of 100. 


A principle component factor analysis was conducted 
to reduce the number of variables required in future 
studies of this type. Twelve factors were found, 11 of 
which were easily identified. They are summarized in 
Table 1. The factor loading for each variable after 
varimax rotation, represents the correlation between the 
theoretical factor and the various anthropometric 
measures. The variables included within each factor 
are those that had loadings of .50 or greater. 


The results of the regression analysis are given in 
Appendix D. The formulae provided should be helpful in 


predicting the full range of anthropometric measures when 
the actual measures taken are confined to the factors 
identified above. 


Fifty-four anthropometric measures were actually 
made on all 100 subjects. Thirty-seven of these measures 
were compared with the data from the military aviation 
population. The statistical results of this comparison 
are shown in Table 2. The results of these tests tend 
to indicate that the U.S. Navy diving population is 
Significantly different from the general aviation popu- 
lation. The use of aviation anthropometric data in the 
design of diving equipment and systems will lead to 
inappropriate design specifications. 


Articulated profile manikins based on these findings 
for the 5th, 50th and 95th percentiles were made to 
assist in engineering future diving systems. The Scale 
used is 1"=1'. They are assembled in Appendix E. 


CONCLUSIONS AND RECOMMENDATIONS 


The following conclusions are noted in comparing 
divers and aviaturs. Divers are heavier but slightly 
shorter than aviators. Divers have a smaller chest, 
although the circumference was not significantly differ- 
ent. Divers' hands are narrower and their heads are 
smaller. Divers have heavier bone structure and more 
subcutaneous fat. 


Diver anthropometrics are essential to diver comfort 
and sound economics of deep diving systems. For these 
reasons, the following recommendations are made: 


1) Dynamic anthropometric measurements should be 
obtained on fully suited divers. The diver's breathing 
apparatus 1S essential for life support and should be 
included in the anthropometric measures. 


2) The Navy Experimental Diving Unit be designated 
as the principal investigating activity, and proper 
funds approved for these studies. 


te 


*¢ 


x* 


TABLE 1 


ANTHROPOMETRIC FACTORS RESULTING FROM 
A PRINCIPLE COMPONENT FACTOR ANALYSIS 


Factor #1 Bulk. 
1. Weight 
8. Bi-iliocristal Diameter 
9. Transverse Ches 
10. Antero-Posterior Diameter Chest. 
ll. Chest Circumference 
ae Abdominal Circumference 
13. Thigh Circumference 
41. Neck Circumference 
42. Upper Arm Circumference (Relaxed) 
43. Upper Arm Circumference (Contracted) 
44. Forearm Circumference 
45. Wrist Circumference 
46. Calf Circumference 
47. Triceps Skinfold 
48. Subscapuar Skinfold 
49. Mid Axillary Skinfold 
53. Abdominal Skinfold 
o/« Specifle Gravity 
28. % Total Body Fat 
ao Body Surface Area 
Factor #2 Long Bones 
2. Weight 
3. Suprasternal Height 
4. Anterior Superior Iliac Spine Height 
5. Tibiale Height 
6. Lower Leg Length 
17 Buttock-Knee Length 
18 Total Arm Length 
19. Upper Arm Length 
20. Forearm Length 
39, Foot Length 
59. Body Surface Area 


TABLE 1 (cont. ) 


PACTOL 
Factor #3 Head Morphology Loading 
¢ 24. Head Length -~.74 
# 37. %Head Weight -.76 
*,**40. Head Circumference ~.80 
Factor #4 Lean Distribution 
* 48. Subscapular Skinfold eo) 
** 50. Chest (Juxta-Nipple) Skinfold is 
# Sl. Biceps Skinfold Pa a 
© 8¢é. Forearm Skinfold eee: 
54. Suprailiac Skinfold se 
Factor #5 Head/Face Breadth 
¢* 25. Head Breadth -60 
# 26. Bizygomatic Diameter ee 
33. Minimum Frontal Diameter 57 
** 34. Bigonial Diameter ie 
Factor #6 Branchial Arch I 
#* 29. Nose Breadth -./6 
** 35. Mouth Width -.78 
Factor #7 Skeletal Bulk 
14. Ankle Circumference : 31 
** 22. Wrist Breadth Pe 
# 23. Hand Rreadth 60 
¢ 38. Ankle Breadth .58 
* 45. Wrist Circumference 34 
Factor #8 Nose Size 
xx 27. #=\Nasion-Gnathion -.71 
*# 28. Nose Height -.59 


TABLE 1 (cont.) 


Factor 
Factor #9 Lip Thickness Loadin 
36. Lip Thickness 85 
Factor #10 Ear Size 
# 30. Ear Length | =.79 
** *31. #;kEar Breadth -.73 
Factor #11 Leg Length 
xe * 5. Tibiale Height OW 
~ 6. Lower Leg Length «56 
; Factor #12 Misc. 
7. Biacromal Diameter OL 
16. Bicondylar Femur soo 
32. Upper Face Height .28 


Most Common Variable 


. ** = Best Predictor 
# = 2nd Best Predictor 
¢ = 3rd Best Predictor 
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PABLE 2 


A Statistical Comparison of Diver Anthropotietric Data 


Variable 


OO OPA oO) & G) WF: 


With Available Aviator Data 


t-value 


3% 
-2, 


300 
303# 


=2,.554** 


% tk +). 


NeSe 


P< 
P< 
P< 
P< 


Variable 


28 
ao 
30 
a1 
32 


10 


t-value 


tlle 


-4 
=z 


la le N- 


075¢ 


754 
<ove™ 
033 


.387 
.462 
4666 
.049¢ 
£985 
.686* 
.707¢ 
.028% 
.617¢ 


175% 
.911* 
.300¢ 
.796¢ 
S696 


Soak 


-£38 
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L) 


2) 


2) 


4) 


Weight 

Should be done preferably in the nude or with the 
subject clad in lightweight shorts. 
Height (Stature) 

The subject should stand on a horizontal platform 
with his heels together, stretching upward to the fullest 
extent, aided by gentle traction by the measurer on the 
mastoid processes. The subject's back should be as 
straight as possible, which may be achieved by 
rounding or relaxing the shoulders and manipulating the 
posture. The marked Frankfort plane must be horizontal. 
The horizontal arm of the anthropometer is brought 
down on the subject's head. The subject's heels must be 
watched to make sure they do not leave the ground. 
Suprasternal Height (Fig. 1) 

With the subject standing in the same posture as 
for stature, the height of the marked sSuprasternal 
point is taken. 

Anterior-Superior Iliac Spine Height (Fig. 2) 
With the subject standing in the same posture as for 


stature, the anterior superior iliac spine is located 
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SUPRASTERNAL HEIGHT 


FIG. 1 
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FIG. 2) ANTERIOR SUPERIOR ILIAC SPINE HEIGHT 
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6) 


a) 


by palpating with the 3rd finger of the hand holding 
the horizontal arm of the anthropometer which is then 
applied to the point. 

Tibiale Height (Fig. 3) 

The subject stancs on a flat surface. The 
anthropometer is held vertically and the distance 
measured from the standing surface to tibiale. 

(The upper point of the inner border of the medial 
tibial conoyle) 
Lower Leg Length 

With the subject standing in the same position 
as for Tibiale Height, the vertical distance from 
the malleolus to Tibiale is measured. 

Biacromial Diameter (Fig. 4) 

To give maximum shoulder width, the subject 
stands with his shoulder relaxed to the point of 
slumping forward. Standing behind the subject, the 
measurer feels for the outside edge of the acromial 
process of the shoulder blade which can be felt as a 
ridge just above the shoulder joint. He then places 
the edge of one arm of the anthropometer along the 
external border of one acromial process and brings the 
other arm of the anthropometer inwards until its edges 


rests on the opposite acromial external border. 
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FIG. 3. TIBIALE HEIGHT 
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8) 


9) 


Ki) 


11) 


12) 


Bi-iliocristal Diameter (Fig. 5) 

The subject stands with his heels together and 
the anthropometric arms are brought into contact with 
the iliac crests at the place which gives the maximum 
diameter. Strong pressure is applied to the 
anthropometer to push aside any fat covering the bone. 
Transverse Chest 

The subject stands and the measurement is taken at 
the end of normal expiration at the marked levels of 
the 3rd and 4th Sternebrae. The arms of the anthro- 
pometer rest on the external surfaces of the nearest 
rib on each side. Light pressure is exerted. 
Antero-Posterior Chest (Fig. 6) 

The subjects stands and the measurement is made at 
the marked union of the 3rd and 4th Sternebrae in a 
plane perpendicular to the body axis. The posterior 
point should be on the tip of a vertebral spine. 

Chest Circumference (Fig. 7) 

Measured at the marked union of the 3rd and 4th 
sternebrae, at right angles to the axis of the body, 
at the end of normal expiration. 

Abdominal Circumference 

The subject stands erect with his abdomen relaxed. 
The tape is held behind the subject with one edge in 
the horizontal plane through the center of the umbilicus. 
The tape is then wrapped carefully around the subject's 
torso, uSing it as an aid in marking the horizontal 


plane on the sides and back. 
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FIG. 6 ANTERIOR—POSTERIOR CHEST DIAMETER 
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13) Thigh Circumference 

The subject stands with his feet slightly apart 
and his weight evenly distributed on both feet; the 
tape is placed round the thigh horizontally with its 
upper edge just under the gluteal fold. 

14) Ankle Circumference 

With the subject standing, the tape is held 
slightly above the projections of the ankle bones and 
the minimum circumference of the leg is measured. 

15) Sitting Height (Fig. 8) 

Measured with the subjects back stretched up 
straight as he sits on a table top with his feet 
hanging down unsupported over the edge; the backs of 
his knees should be directly above the edge of the 
table. Gentle traction is applied under the chin; 
the muscles of the thighs and buttocks should be 
uncontracted. The head is held in the Frankfort 
plane, and the anthropometer is held vertically, in 
contact with the back at the sacral and interscapular 
regions. 

16) Bicondylar Femur (Fig. 9) 

The subject sits on a table with his knees bent 
to a right angle, and the width across the outermost 
parts of the lower end of the femur is measured. 
Pressure is exerted to compress the tissues. 

17) Buttock-Knee Length (Fig. 10) 
The subject sits erect, his feet resting on a surface 


so that the knees are bent at about right angles. The 
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FIG. 8 SITTING HEIGHT 
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horizontal distance from the rear most point of the 


left buttock to the front of the knee cap is measured. 


18) Total Arm Length (Fig. 11) 

With the subject's arm and hand fully extended by 
his side the tip of one arm of the anthropometer is 
placed at the inferior border of the acromial process. 
The distance to the tip of the longest finger is 
measured. 

19) Upper Arm Length 

The external superior border of the head of the 
radius is marked, and the length from this mark to 
the inferior border of the acromion process is 
taken. 

20) Forearm Length (Fig. 12) 
Measured from the marked radial head to the tip of the 
lateral styloid. 

21) Bicondylar Humerus 

The subject's elbow is bent to a right angle and 
the width across the outermost parts of the lower end of 
the humerus is taken. Pressure is exerted to compress 
the tissues. 

22) Wrist Breadth 

Breadth is taken across the styloid processes (oblique 

to the long axis of the arm) with pressure to compress 


the tissues. 
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FIG. 11 TOTAL ARM LENGTH 
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FIG. 12 FOREARM LENGTH 
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23) 


24) 


£5) 


26) 


27) 


28) 


Hand Breadth (Fig. 13) 

Breadth is taken across the distal tips of the 
metacarpals II-V (which may be oblique); the 
Fingers should be together and in line with the 
forearm. 

Head Length (Fig. 14) 

The maximum length in the sagittal plane from 
glabella (the most salient point between the eyebrows) 
to the most salient point on the occuput. Pressure is 
exerted to compress the tissues. 

Head Breadth (Fig. 15) 

The maximum breadth in the transverse plane, 
wherever it occurs. Pressure is exerted to compress 
the tissues. 

Bizygomatic Diameter (Fig. 16) 

The maximum diameter between the zygomatic arches. 
Pressure is exerted to compress the tissues. 
Morphological Face Height (Nasion-Gnathion) (Fig. 17) 

With one arm of the caliper held horizontally at 
the marked Nasion, the other arm of the caliper is 
hooked under the tip of the chin. The teeth should be 
fully occluded. 

Nose Height (Fig. 18) 

One arm of the caliper is held horizontally at the 

marked Nasion, while the other arm is brought down to 


reach the union of the upper lip with the nasal septum. 
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FIG. 15 HEAD BREADTH 


35 


FIG. 16 BIZYGOMATIC DIAMETER 
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FIG. 17. NASION—GNATHION 
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FIG. 18 NOSE HEIGHT 
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29) 


30) 


aL) 


32) 


33) 


34) 


Nose Breadth (Fig. 19) 

The caliper is held horizontally and its arms 
brought into contact with the outside of the nares, 
but without pressure. 

Ear Length (Fig. 20) 

The maximum length of the subject's ear along its 
long axis iS measured. 
Ear Breadth (Fig. 21) 

With the fixed arm of the sliding caliper parallel 
to the long axis of the ear, the maximum breadth of the 
ear 1S measured. 

Upper Face Height (Fig. 22) 

The subject stands comfortably with his head in the 
Frankfort plane. The anthropometer is then used to 
measure the vertical distance from the top of the head 
to the point of contact between the upper and lower lips 
in the midsagittal plane. 

Minimum Frontal Diameter (Fig. 23) 

Holding the spreading caliper near its tips, the 
minimum horizontal diameter across the temporal crests 
at their point of greatest indentation is measured. 
Care must be taken that the measurement is made on the 


crests and not on the temporal muscles. 


Bigonial Diameter (Fig. 24) 
The maximum diameter between the angles of the 
mandibles on their external surfaces. Pressure 1s 


exerted to compress the tissues. 
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FIG. 19 NOSE BREADTH 
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FIG. 20 EAR HEIGHT 
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EAR BREADTH 


FIG. 21 
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FIG. 22 UPPER FACE HEIGHT 
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FIG. 23. MINIMUM FRONTAL DIAMETER 
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FIG. 24 BIGONIAL DIAMETER 


35) Mowth Width (Fig. 25) 

With the lips closed and the mouth holding normal 
position, the distance between the corners of the 
mouth is measured. 

36) Lip Thickness (Fig. 26) 

The caliper is held vertically and put flat on the 
mouth without pressure. The upper arm of the caliper is 
brought to the medial point of a tangent between the 
highest points of the upper lip, while the lower arm of 
the caliper is brought to the medial point of a tangent 
between the lowest points of the lower lip. The 
subject should keep his mouth closed without 
contracting his lips. 

37) Head Height (Fig. 27) 

The subject's head is held in the Frankfort plane. 
With the anthropometer held vertically, the lower arm 
is positioned into the left exterior auditory meatus 
of the subject, and the upper arm brought into 
contact with the top of the head. 

38) Ankle Breadth 

The subject sits on a table and the breadth of the 
ankle is taken across the malleoli with pressure to 
compress the tissues. 

39) Foot Length (Fig. 28) 

The subject sits and rests his left foot lightly 

along the horizontal bar of the anthropometer with 


the center of the heel against the arm of the 
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FIG. 27 HEAD HEIGHT 
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FIG. 28 FOOT LENGTH 


40) 


41) 


42) 


43) 


44) 


45) 


anthropometer. The second arm of the anthropometer is 
brought into contact with the end of the longest toe. 
If the toe-nail protrudes, it must be cut. 

Head Circumference (Fig. 29) 

With the subject seated, the maximum circumference 
of the head is measured with the tape passing above 
(but not including) the brow ridges. 

Neck Circumference (Fig. 30) 

Taken in the horizontal plane just below the 
level of the thyroid cortilage. 

Upper Arm Relaxed Circumference (Fig. 31) 

The subject's arm hangs relaxed, just away from 
his side and the circumference is taken horizontally at 
the marked level. 

Upper Arm Contracted Circumference (Fig. 32) 

Taken horizontally at the maximum circumference 
over the contracted biceps with the elbow flexed. 
Forearm Circumference (Fig. 33) 

The measurement is taken just distal to the elbow 
joint, with the whole extremity relaxed. 

Wrist Circumference (Fig. 34) 

With the tape passing just proximal to the styloid 

process of the ulna, the minimum circumference of the 


wrist is measured. 
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UPPER ARM CIRCUMFERENCE (RELAXED) 


FIG. 31 


cg) 


' ‘ 
* ! 
/ . 
a i = 
* ea . 
“ | 4a 
- J * , ‘te a... - S : 
‘ - 4 j al * a ® 
‘ 2) «ss , aoe | j 5 ’ =» Pai fs : 2 


FIG. 32 UPPER ARM CIRCUMFERENCE (CONTRACTED) 
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FIG. 33 FOREARM CIRCUMFERENCE 
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FIG. 34 WRIST CIRCUMFERENCE 


57 


46) 


47) 


48) 


49) 


50) 


BL) 


BZ.) 


53) 


Calf Circumference 

The subject sits on a table with his leg hanging 
freely. The maximum circumference is taken horizontally. 
Triceps Skinfold (Fig. 35) 

The skinfold is picked up at the back of the arm 
midway between the tip of the acromial process of the 
scapula and the tip of the elbow with the forearm 
flexed to 90°. The measurement is made with the arm pendant. 
Subscapular Skinfold (Fig. 36) 

The skinfold is picked up under the angle of the 
left scapula. The fold should be vertical or 
pointing slight downwards, and outwards. 

Mid Axillary Skinfold 

The Skinfold is picked up on the Mid-axillary 
line at the level of the xiphoid process. 
Chest Skinfold (Juxta-Nipple) Fig. 37) 

The skinfold is picked up just lateral to the nipple at 
the level of the xiphoid process. 
Biceps Skinfdld (Fig. 38) 

The skinfold is picked up on the front of the arm 
directly above the center of the cubital fossa at the 
same level as that for the triceps skinfold. 

Forearm Skinfold (Fig. 39) 

The skinfold is picked up on the lateral aspect of the 

forearm at the mid-point of the radius. 
Abdomen Skinfold (Fig. 40) 
The skinfold is picked up at the level of the 


umbilicus and 2.5 em to the lett of it. 
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FIG. 35 TRICEPS SKINFOLD 
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FIG. 36 SUBSCAPULAR SKINFOLD 
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FIG. 39 FOREARM SKINFOLD 
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FIG. 40 ABDOMEN SKINFOLD 


54) Suprailiac Skinfold (Fig. 41) 
The skinfold is picked up 1 cm above and 2 cm medial 


to the anterior superior iliac spine. 
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APPENDIX De-l 


MULTIPLE REGRESSION FORMULAE FOR 
ESTIMATING ANTHROPOMETRIC VARIABLES 
FROM PRIMARY FACTOR VARIABLES 


Variable Formula SE R 

1. Weight = 83, 7X4 2—3leZ Gu483 «82 

= 3.6X42+.77Xy4-110.0 De2eo «9 

= 3.3Xy,2+.72Xy4+1.42X%, 90-178 .4 Sete wel 

2. Height = 1.1X,+59.0 2256 89 

i = 1.1X,+.6Xy40+27.0 2.47 Si 
= L.ix,*.64Xu07l.iX35t32.1 245 «92 

3. Supra Sternal = ~98X14+38.34 Dri Dra. 90 
Height = ~97Xyut+.39Xy4 ot+17.34 Been 92 

= ~97Xut.38Xy ot.05X%50+18.03 Zee «Bh 

~ By ASIS Height = 1.02X5+57.41 4,01 .58 
= ~99X5+2.3X%22+46.08 3.96 60 

= J1.0X54+2.5X22—-1.7X%35+53.4 3.92 62 

* 5. Tibiale Height = ~3X4+13.46 204290 458 
= ~34Xyut+.65X%354+9.52 2628 59 

= ~34Xyut+.80X35-.48X%344+13.25 2.28 59 

6. Lower Leg = ~89X5-3.14 LeZ#t «09 
Length = ~83X%5+.05X,-6.22 ae 90 

= 83% 5+.07Xy-. 70X22-3.43 Ae 90 

7s Biacrom. = .30X42+32.81 1.78 39 
Diam = ~-29X%yu0t+.10Xy4+22.70 oe ae 

= ~24Xy2t+.09Ky+.27Xy, 9+ 9.59 §.68 Oz 

8. Bi-iliocristal = ~32X%42t+19.19 Lads 6s SO 
Diam = ~30X,2+.13Xy4+6.19 | eee a. 64 

; = 260n4 7+ «eli Auth. D/A oot 2.61 LvLs 68 
9. Transverse = ,42Xnotl7 .3Z 1.58 57 

° Chest = ~ 36Xy4o+~.30Xy90+2.38 1.42 s63 
= ~35Xuot+. 26X4u 0+.98X%22-.357 Leoe® «66 

inde A-P Chest = ~39Xy4 249.73 1.29 61 
= SUI 2 DOR gr oaa7 tee 63 

= «38Xi9+ ~-06%1,—.68X% 9644.33 Lao 65 
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Chest Circum. 


Abd. Circum. 


Thigh Circum. 


Ankle Circum. 
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Height 


Bicondylar 
Femur 


Buttock-Knee 
Length 


Total Arm 
Length 


Upper Arm 
Length 


Forearm 
Length 


Bicondylar 
Humerus 


Wrist Breadth 
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APPENDIX D-1 (cont.) 


Formula 


.86X, 5441.55 
STIS oh. 12K pth 69 
«1 2Xy ots 74Xy 9-1. 54X% 945.87 


et ele 


2.40X, +16 .86 
2.35X,5+.31X,-14.82 
zZ veeael a 229K. Ft ~74X, 9730 ~61 


1.43X,5+14.57 
L ALK oF (SOR, gp 2 LIK, ) 8.27 


~42X, 97-71 
eB4K,, nti tl hy yee 228 
i Pha ote LOR, oti «28455 =5479 


»30X,+58 .25 
-£3K,+.68Ky 94+ 22.53 
eh DK yt «GOK, 9p #1. 97Xo5419.02 


e65X55+6.05 
»98X5o+.35K2 742,14 
256X594 ~.35X%597-.02K5 9t2.37 


~45X,+10.89 
.45X,+.19X, 545.80 
-44X,+.16X%,5+.-19X%, 9-3 .16 


,58X,+13.09 
.59X,+1.13X56t6.21 
.57X,+1.0X%35+1.06X>5+2.87 


.26X,+3.60 
-22X,4+.13K +1, 90 
»23X,+-12X.+.41X 357.49 


.22X,,+3.52 
17X,+.15X.+1.51 


07%, 544.75 
sO 7X4 oF ~42X9904+2.75 
-O6X42+.38X00+.01X4+1.50 


~04Xy9t+2.90 


~OdXK, g++. O01X,+1.78 
~O3X,4 9+. O1X4+.17X%3),4+1.45 
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Hand Breadth 


Head Length 
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Bizygomatic 
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Nose Height 


Nose Breadth 


Ear Length 


Ear Breadth 


Upper Face 


Height 


Minimum 
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APPENDIX D-1 
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Formula 


.49X5 545.73 


~44Xo5+.02X,+3.99 


.40X55+.02X,,4+.03X, 943.34 


~34Xy49+.455 


sdIXnet. LOKs e+. 31 


6 SOK Te kemag me LEK ei els OG 


20%, 643.75 
o2lXn n7- 38Xo¢F4.03 
sl OXp pred (Age ts cangyg v2.56 


-62X5y4+6.68 
54X91,+.07X,2+5. 36 
69 2X5y,+.06Xy 9%. 37X54 t4.55 


.11X,9+5.71 
.11X, 9+-31X3¢+5.48 
.10X, 9+-30X3,+-01X,+4.32 


.25X,, 9+2.24 
i 2A, g~-30X%3,+2.18 
~28Xy497-27X3¢+-16X,5+1.47 


.39X 3641.33 
SIXact. 04k, 9-1. 02 
.38X 35+.05Xy49--O01Xy2--97 


.73X%3)+3.58 


.67X 31+. 06X4 0+. 33 


DOK o it. MSki ptselL Oko ors 7 


520K 9624 3D 
peonect, O3ky et 1.53 
-27X35+.03Xy2 —. 01K. pt1.47 


-20X4 (fie ae 
, SL xy (ms OUR 4gSs09 
Ishi jp stn ges Ooiga ts «33 


.50X 3,,+6.20 


.41X%344+.08X45+4.72 
37st OI, 6-07 pti. 29 


137 


0.37 


a 


46 


46 


ips 


Oo © 
Wn 
jp 


49 


73 
ie ©: 
ol 


OO © 


ae 
eal 
sek 


oO O 


‘ou 
one 
34. 


OOo Oo 


~ a0 
29 
Zo 


OO © 


-44 
43 
~42 


Oo © 


34 
«33 
o33 


on i a i ae) 


ee 
Le 
ok 6 


bY bY 


74 
a7-2 
0. 74. 


Oo © 


Variable 
*34. Bigonial 
Diameter 
*35. Mouth Width 


* 303 


Bi a 


38. 


Sos 


*40., 


41. 


43. 


Lip Thickness 


Head Height 


Ankle Breadth 


Foot Length 


Head 
Circumference 


Neck 
Circumference 


Upper Arm 
Relax 
Circumference 


Upper Arm 
COmeir « 
Circumference 


Forearm 
Circumference 
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(cont. ) 


Formula 


~-09X49+5.90 
08K, oF -26X%354+4. 92 
.06X%, 9+. 23X%35+.04X%, 24+4.76 


-36X%314+3.82 
pO KS pha dk 2342.58 
«35X31 4+.14%9,4—.10K27+3.63 


~LIXe 7—4 22 
, L6Xs 7. LIXoeF< 55 
~16X%27-.18X22+.01X5+.18 


:25X40+.23 
~27X40—-.-07X42+.70 
~27X407-.07X42+.04X%5-1.03 


~53X%22+4.52 
~49X90+.18X%274+2.52 
-45X20+.16X%97+.03X424+1.94 


~L18X4+7.47 
~-18X4+.95X31+3.24 
~18Xy+.85X31;+.10X490-1.65 


~05X27+44.25 
~94X% 5 7+. 15Xy, o+40.88 
~-54X>5 a+. 1 2X4 04+ ~.54X 344+36 - 48 


~51Xy24+23. 36 
488X491 «28X90 9417627 
~50X404+1.34X29-.12X%54+22.44 


~40X, 0+ 7.30 
-osaX 4 OF1L. SAR FTF5 -32 
~28X4u 0t1.42X%31+.75X34+1.03 


«ISR y 93 67 
~O1X42-.47X%31+4.92 
~O1Xu 2-.42X31+.02X%50+4.80 


~54X42+11.28 
~52X42+.94X2 246.83 
~50X4u2+.82X22+.14X4 t+. 41 
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Variable 

45. Wrist 
Circumference 

46. Calf 
Circumference 

4/7. Triceps SF. 

48. Subscapular 

S.F. 
49. Mid 


me 
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Axillary S.F. 


Chest 


Biceps 


Forearm 


Abdomen 


Suprailiac 
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Specific 
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APPENDIX D-1 (cont.) 


Formula 


~-21Xy42+10.84 
~L18Xy2+1.12X904+5.55 
-18X424+1.05X22+.07Xy 9 +2.19 


-76Xyu2+14.68 
-70X42+.36Xy90-3.85 
-70Xy2+.34Xy0+1.33X36-4.87 


1.05Xy2-21.19 
1.02X42+.18X59-21. 32 
1.0Xy2+.18X5 0+.15X4-37.14 


1.88Xy42-40.58 
1.80Xy2+.43X590-40.88 
1.66Xy2+.40X50+.80Xy 0-82.01 


1.85Xy2-42.55 
1.79Xy9+.37X¢ 9-42.81 
1.73Xy49+.37X5 9+1.72X57-62.1 


-2.0X3)+14.07 
-2.76X3)+2.13X 4045.96 
~3.16X3)+2.04X35+.44X, 9-17.02 


~-21X59+2.10 
~21X50+.35X364+1.53 
-21X50+.33X36+.06X40-1.80 


-38X42-5.57 
~36X%i,2+.13X%50-5.67 
»-32X%42+.14X50+1.60X2 2-13.25 


3.23X42-71.56 
3.13X42+.55X50-71.95 
3,13X42+.55X590-4.02X3¢-65.44 


~-38X50+4.90 
SOA50+*;55Xu9 11.72 
~37X50+.61Xu2-.41X5+6.29 


-~.004X42+1.18 


-.004X42+.001Xy44+1.13 
—-004X42+.001X4-.001X4 041.17 
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APPENDIX D-l1 (cont.) 


Variable Formula 


58. Percent Body 
Fat 


1 285X, 9 = 39 «80 
LB FR 5 = -2OR 1-12 90 
hg SDM, 9 20K. Sh, 994 10 


99. Body Surface = .04X%,5+.75 
= (Smo Use Cee, oe ls OL 
* = FACTOR SELECTED FOR REGRESSION ANALYSIS 
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APPENDIX D-2 


MULTIPLE REGRESSION FORMULAE FOR 
ESTIMATING ANTHROPOMETRIC VARIABLES 
FROM COMMON FACTOR VARIABLES 


Variable Formula 


Weight 1.2Xy9+62.4 
LL IxXget <6 BK o=55.5 


Bahu et.69X>+38.94X— 5-113.2 


Height Leta gtiZue 0 
PSX gts LOX (4112.4 


~9Ox% ors 31K) =. 26%, 0108.9 


Supra Sternal 
Height 


86%5>7.1 
<SOkots ix mgH 941 
S/mare LAS ors LEng gh es 7 


ASIS Height .73X5-22.4 
77K >= 40% ;,.9r4 58 


~/OX5=.652, of lLelAgg™ Le 2 


Tibiale Height »25Xo+4.6 
<eJagt~e0ny orls.6 


OR G™ acotay OT 2 VSAyetlS.2 


| ee 


Lower Leg = sO 9K 6-344 
Length = ~84X%5+.04X5-8.4 
= sB3Ik5tuVOKo~ Ol Ao gr 6 3 
Biacrom. = ~09X,+34.4 
Diameter = MOBX 1+. OSXot26, 1 


suing. 00Ko+, 45i54F18.6 


Bi-iliocristal LOX 420.3 


Diameter = 09x -05%5412..% 

= 08K +.06R9%*.33R%o5+7.1 
Transverse ~ Pm Oe oe a ee 
Chest = LOX) +. S2X5 54+9.9 

= sl 2X1. S8h5 5%. 0SAy ete. z 
A-P Chest Ons elo 


~Lixks=. 0SkoF2lac2 
.11X)-. 08X5+.11X<5+20.8 
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Variable 


Chest Circum. 


Abd. Circum. 


Thigh Circum. 


Ankle Circum. 


Sitting 
Height 


Bicondylar 
Femur 


Buttock-Knee 
Length 


Total Arm 
Length 


Upper Arm 
Length 


Forearm 
Length 


Bicondylar 
Humerus 


Wrist Breadth 
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APPENDIX D-2 (cont.) 


Formula 


-45X,+61.3 
¢92K,—.28X54+105..6 
49X,-.26X5+1.0X> 5+88 .6 


.61X,+40.2 
~45X ,+.38X, gt47.2 
.51X |+38X, g-1 3X1, 5+64.26 


«3 4X 7#+29.9 
~40X ,-.21X5+62.2 
BOX t-+2gk oa 93K 3 6647 


.O8X ,+16.2 
.06X )+.49X 1 6+ 9.7 
.09X ,+.50X,, 5-. 06Xy gt8.4 


»39X 9+ 22.9 
~47X 5-.34X o+24.5 
o45X o=. 32X57 .80X , stl. a 


.02X,+7.7 
02%) 129X565 75.9 
~03X,+.21Xo g-.02X,9+6.4 


~36X 9-3.4 
»31X 5+. 05% ,+.34 
rDUS ges DO 7X p+ FER on BOs 


.44X o- 1.4 
.36X 5+ .29X5-2.8 
.36X5+.29X5+.83X25-15.1 


sP1X 5-#. 3 
LOX o* , LOX 6-H 
oL7X o*. LOX5-.DAK 9 9-3 Dd 


.17X 0-4.0 
o13X 9+.17X 5-427 
eh SK ot shy K.ct 3k 9176 od 


sO2X 7S, 5 
~OLX 5+.,08K 7 ofa .3 
-O2ZX 3.0 7X gg. Ol Xa gt4e Ll 


eb BK , o&2 . 31 


LIX gy gt «DLA as 5 
LIX, faO1k . 15e ger.6 
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ais 


RED 


es 


30% 


age 8 ae 
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Variable 


Hand Breadth 


Head Length 


Head Breadth 
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Diameter 
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Nose Height 


Nose Breadth 


Ear Length 


Ear Breadth 


Upper Face 
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APPENDIX D-2 (cont.) 
Formula 


~O1X 1,+7.2 
OSX ge OSkue tO. 7 
sUO2ZX )~-OSxX,e7.07 ku 5td.8 


Lk Eres 
o94X aynms+s9Aece. Vika gti. 


som Whts« ¢ 
sZLX ypr-w sh gerd 0 
«EON 4 9=<38X96* +5524 743.6 


~-68X o542.8 
«/0KX 295—+43X9 6+4.0 
~-64X95-.45X2 gt .01X)4+4.3 


~-60X> 3+ 9.0 
«69Xo 9+ .48X 5647.8 
~-59Xo6+.44X36+.07Xy ot 4.2 


sV6RKi OFS ok 
GK ome clanaet oad 
05%, 9= 25k oe. O14, I 


205Au pt.2S 
sO5Xy of. 0 Sxkay ta Z/ 
~0OXy, oF LIX s)—.00Xo5+.46 


oJ 3% 9 {% 320 
2X91. Oka tS 3 
Aas itsleny orvOliotl.s 


Long ctLaG 
Loko at. LZko ot. 68 
l6Xo5+.LIXo ot. 03hyu 6% 4 


poURG (Tha 
Leia. oes eT rk o 
OOK f= 1 53% 9) —« OZR et. Se 


~61X55+2.1 


-o0Ao St -USAb ots 64 
O00 ot 0 Shag em. VOR eto gl 
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Variable 


Bigonial 
Diameter 


Mouth Width 


Lip Thickness 


Head Height 


Ankle Breadth 


Foot Length 


Head 
Circumference 


Neck 
Circumference 


Upper Arm 
Relax 
Circumference 


Upper Arm 
Contr . 
Circumference 


Forearm 
Circumference 
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APPENDIX D-2 (cont.) 


oll oe ee 


Formula 


~ si Ko 546.40 
~-24X%95+.01X1+6.2 
2059540 2% 1—-«1LOKy54+7.3 


~57X29+3.3 
53X59 94..292391*253 
~54X29+.28X3)-.01X24+4.1 


-20X29+2.7 
~LOX9e-. LOXo 54423 
~-26X28-.20X25t+.07Xy0t+2.0 


«2 5A Otte es 
~-28X4u90~-.-02Xyug-1.5 
-25X4u 0-. 02K, pt .04X5-3.3 


ot 9Xu5t4.l 
~L7Xy5+.02X24+1.3 
~L6Xy45+.02Ko+.23%29+.73 


~L5Xo+.47 
~-L15X2+.89X31-3.4 
~14X0+.84X31+.46-4.6 


23752 5t34.63 
~19X%95+.04X14+35.2 
~15X25+.04X1+1.00X2 9+32.6 


~12X1,+29.0 
~14X1-.09X2t+43.4 
~14X1-.09X2+1.2X29+39.8 


~LGxX,*15.5 
~-21X1—-.13X2+36.6 
~-22X 17. 13X2—-. 99X27 gt 40.0 


~-L19X ,+18.6 
Lor pm. LIXo#+39.4 
~-24X1—-.15X9—-.74X25+51.7 


~12X1+18.4 
~09X1+.59X45+10.5 
~11X1+.50Xy5-.06X%2+21.7 
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APPENDIX D-2 (cont.) 


Variable Formula SE R 
mas Wrist = oa 7 tls. 3 276 460 
Circumference = -06X) =. 03K 5F17.8 -74 .62 
= “O6X7—s0S2 94.27 Xo9tl 6.9 74 63 
46. Calf = LOX) #2228 1.84 .75 
Circumference = 20K —~s 2itaraeoZ Le/GS +18 
= «20K m1 24K ot 1. 59K 5 F30.5 EeOl aol 
; 47. Triceps S.F. = ~41X, 9+4.0 Sa54 +04 
= ioe sLeny~Se! Cre: o .66 
H = sf hye sd i hy es SS, ets «7 S- 36 .68 
*48, subscapular = sak y=13 a7 #.89 .7) 
ar « = OR ys 20 gS 0 ek Gala «73 
= ~47X%)-.26X5+.46X, 9-1-8 4.70 74 
49. Mid = Tbk gtaS¥ 4.94 .74 
Axillary S.F. = 60k Lota lLSxyp+S.5 4.82 .75 
= O14, 9 Fs 21h) 1a lak, etbe8 5 7D «1S 
50. Chest S.F. = -30X,9+1.4 4.95 «39 
= e45X%, 9-4 13X49 .3 4.87 ~43 
= 4 I Xy gre lay mls eo ete] 18 4 84 45 
Dale Biceps S.F. 5 LOX, gFl.9 1.60 38 
= pliky, o= abs gc #106 LecSF «3 
- eld Ay, eon «OJ 6S «> 5 Es 45 
SL « Forearm S.F. = »22X, gt2.4 2:06 .60 
= 623k y go LoxetlO.2Z 2«U2Z 62 
= phahy p~e LOX cts 79X59 #7 43 2402 63 
a+ F Abdomen S.F. = L2e29X et 5.13 7250 v7 
= 2tine 50K 7-136 tale £12 
= , BoA wr «tome, + 4g tSO4 lL 6.96 me « 
54. Suprailiac = -36X,g+1.4 4.44 .49 
Salt = -aI1KYy 9— se deXetlD 9 4.33 23 
= DIX, gs Dekel lL. Sho gtl4.7 ee 54 
57. Specific = -.0008X,+1.1 .01 .80 
Gravity = =-.00LIX, +, 00125 57.93 -OOL «99 
. = -, VOLILX, +. 001L3X%,+.0005X,+.93 POL +29 
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APPENDIX D-2 (cOnt.) 


Variable Formula 
De Percent Body = -39Xj=15.6 
Fat = ~-54X)—-.62X2+81.5 


~54X1-. 62X0+.02Xy,94+81.2 
She Body Surface .O1X,+.98 

- OLX i+, OLAoH e352 

01K )+.01X%9+.0003X, 8~-.3 


* = FACTOR SELECTED FOR REGRESSION ANALYSIS 
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APPENDIX E 
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SCALE 1” = 1’ - 0” 
Dt 
Scale Model of the 
5th Percentile Navy 
Diver 
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SCALE 1” = 1’ - 0” 
3 BSc re: 
Scale Model of the 
50th Percentile Navy 
Diver 
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SCALE 1” = 1’ - 0” 
RULER, 
Scale Model of the 
95th Percentile Navy 
Diver 
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| To aid the design engineer in the development of 
Future U.S. Navy diving systers and equipment a 
comprehensive anthropometric study was undertaken. 
Piftyv-four anthropometric measures, two pulmonary 
function measures, and three derived body measures 
were obtained on 100, 41, and 100 U.S. Navy divers 
respectively. Descriptive statistics and measures 
of interrelationship are given for each measured and 
derived variable. The minimum number of anthropometric 

variables needed was determined by factor analysis. 
The measures obtained on the U.S. Navy divers were 

| compared with anthropometric data available for the 

( 
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male aviation populations. 
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